A field trail was carried out to evaluate the effect of different tillage and mulching practices on grain yield of sorghum and soil fertility. The experiment was comprised of three tillage practices i.e.T1= zero tillage (ZT) (direct seed sowing with manual drill), T2= reduced tillage (RT) (one cultivation followed by planking) and T3= conventional tillage(CT) (three cultivation followed by planking) in main plots and three mulching practices i.e.no mulch application (control) (M1), poultry manure mulch (M2) and wheat straw mulch (M3) at the rates of 0,10 and 7.5 tones ha -1 respectively in sub-plots. Tillage affected all physiochemical soil properties except soil pH and organic matter. Mulch had a significant on soil ph, EC, organic matter, bulk density and soil NPK.. Among all mulching practices poultry manure mulch was found superior in improving soil fertility and grain yield.Tillage affected grain yield and maximum grain yield was recorded in conventional tillage (2.75 t ha -1 ) followed by minimum tillage (2.62 t ha -1 ) and zero tillage (2.11 t ha -1 ). Mulch also affected grain yield, maximum was recorded in poultry manure (2.50 t ha -1 ) and minimum where no mulch (2.48 t ha -1 ) was applied. It can be concluded that reduced tillage operations and poultry manure mulching is suitable for improving soil properties and grain yield of sorghum.
Introduction
Sorghum is fifth economically important cereal crop in world after wheat, rice, barley and maize. It is an important feed, food and forage crop, which also provides raw material for the production of alcohol, biofuels, starch, fiber, dextrose syrup and many other products (Iqbal et al., 2010) . In Pakistan, it is grown for fodder and grain in irrigated as well as in rainfed areas (Malik et al., 2007) . During the year 2011, it was grown on 214 thousand hectares with production of 137 thousand tones grain (Anonymous, 2012) . About 60% of total sorghum is grown on irrigated land and 40% on rain-fed lands in Pakistan. For areas of water scarcity, where rice and maize cannot grow successfully, the drought tolerance of grain sorghum makes it a best alternative to corn. By virtue of wide adaptation, short growing season and versatile planting date of grain sorghum, this crop can be easily fitted into double-cropping and crop rotation systems with wheat and other crops. With rapidly increasing population the demand for food grains is continuously increasing in Pakistan. Sorghum as a grain crop can support wheat, rice, maize and other grain crops, as it is a staple food for millions of people in semiarid regions of the World (Shakoor, 1999) . However, research on tillage requirements and the effect of tillage methods on soil physio-chemical properties, for cultivating grain sorghum is scare in our country and farmers use conventional tillage practices. Use of excessive and unnecessary tillage operations is harmful to soil and add a lot to cost of production. Intensive conventional tillage is known to degrade soil structure (Seibutis et al., 2009) . There is need to shift from conventional tillage to minimum and zero tillage for the purpose of protecting soil degradation, increasing water use efficiency, reducing the cost of production of summer crops and improving crop productivity. Conservation tillage (zero tillage and reduced tillage) practices simultaneously conserve soil and water resources, reduce farm energy usage and increase or sustain crop production. These practices lead to positive changes in the physical, chemical and biological properties of a soil (Bescansa et al., 2006) . Furthermore, if water becomes limited during the critical reproduction and grain-filling growth stages, it severely reduces grain yield (Bandaru et al., 2006) . The use of surface organic mulch or straw can store more precipitation water in soil by reducing storm runoff, increasing infiltration, and decreasing evaporation (Schertz and Kemper, 1998) . Organic matter is necessary to maintain a good productivity even with the use of chemical fertilizer to replenish soil nutrients.To overcome the depletion of the organic matter content of infertile soils caused by intensive cropping and tillage, additions of organic manures is necessary (Robert et al., 1995) . In sorghum, the grain yield is low due to extreme soil physical conditions such as temperature, moisture and air. The crops therefore require development of soil management package that could conserve soil moisture, increase availability of nutrients, moderate soil temperature, and reduce soil compaction. These attributes are expected to enhance crop productivity. Keeping in view the above discussion, this trial has been planned with following objectives; To evaluate the response of grain sorghum under various tillage and mulching practices To understand the behavior of various tillage system and mulching materials on soil chemical and physical properties
Materials And Methods
The experiment to determine the tillage and mulching effects on soil fertility and grain yield of sorghum (Sorghum bicolor L.) was conducted during summer 2012 at Agronomic Research Area, University of Agriculture, Faisalabad, Pakistan. Sorghum variety JS-2002 was sown on 6 th July, 2012. The experiment was laid out in randomized complete block design (RCBD) with split plot arrangement having three replications with net plot size of 7.0 m × 4.5 m. Seedbed was prepared by cultivating the field as per requirement of tillage intensities required in different treatments of experiment. In zero tillage (ZT), reduced tillage (RT) and conventional tillage (CT), no cultivation, onecultivation and three cultivation with tractor-mounted cultivator each followed by planking was done, respectively. Sowing was done with hand drillmaintaining, R×R 45 cm and P×P 10 cm after thinning. Soil samples were collected up to 30cm depth, prior to planting and after harvesting crop. Sowing was done with the help of man operated drill. NPK at recommended dose will be applied in such a way that whole of the recommended PK and half of recommended nitrogen (N) was applied at sowing and remaining half dose of nitrogen (N) at the time of first irrigation. To avoid the competition by weeds, Atrazine 38 SC @1.25 lit.ha -1 was applied after first irrigation.
Soil physio-chemical analysis Soil pH
Soil pH was determined by making saturated paste of soil with de-ionized water in a beaker. When the soil saturated paste showed the glistening look, then the pH was measured by pH meter at 7.01 and 9.20 pH buffer solutions (Method, 21a) . Then the reading of pH meter was recorded.
Electrical conductivity (d sm
-1 ) Electricity conductivity of saturated paste of soil was determined by standardized HANNA HI-8033 EC meter at 0.01N KCL solution (Method b). Soil organic matter (%) Ryan et al., (2001) was followed for soil organic matter determination taking one gram of soil sample in 500 ml beaker and then 10 ml potassium dichromate was added in it and mixed completely. To mix the suspension in the beaker, 20 ml concentrated sulfuric acid was added and then allowed to cool for 30 minutes. Then added 200ml deionized water, 10 ml ortho-phosphoric acid and then added 10-15 drops of diphenyle-amine as indicator. After cooling it was titrated against 0.5 M Ferrous Ammonium Sulphate solution and allowed to change colour from green to blue. Two blank readings were also taken, without adding soil. ml used for blank reading -ml used for sample
Soil Bulk density (Mg m -3 ) Soil bulk density from (0 -10cm) depth were determine by core sampler's method as described by Blake and Hartge, 1986. The core sampler was pressed into the soil for enough depth to fill the core. Carefully remove the sampler and trimmed the soil extended out of the core with a sharp knife. Soil was oven dried at 105 o C to a constant weight, cooled and weighed. Soil volume was then taken equal to inner volume of the core sampler (r 2 h). Bulk density = (mass of oven dried soil) / (volume of soil including pore spaces)
Soil NPK content
Total nitrogen concentration was measured by digesting a known weight of soil with 98% pure, concentrated H 2 SO 4 and digestion mixture was followed by distillation (Teacator) using Kjeltecauto system. The available P was measured after extracting soil with 0.5 M NaHCO 3 (pH = 8.5) followed by measuring the absorbance of the blue colour of the solution at 880 nm using a spectrophotometer. The K was extracted with 1 M natural ammonium acetate and determined by using flame emission spectroscopy.
Statistical analysis
Data regarding all the parameters were collected using standard procedures and be analyzed by using Fisher's analysis of variance technique. LSD test at 5% probability was used to compare the differences among treatment's means (Steel et a
Results And Discussion Soil pH
Tillage and interaction of tillage and mulching did not affect soil pH (Table 1 ). Mulch had a significant effect on soil pH. Mean maximum soil pH was recorded in control or where no mulch was applied (7.60) followed by poultry manure mulch (7.43) and minimum in wheat straw mulch (7.49). Relatively, greater soil pH was recorded for conventional tillage as compared to minimum and zero tillage. This might be due to more leaching of cations in case of conventional tillage as compared to minimum and zero tillage. Ossom and Matsenjwa (2007) reported significant effect of mulches on soil pH.
EC (dsm -1 )
The data revealed that tillage, mulch and interaction of tillage and mulch significantly affected the soil Ec (Table 1) . Interaction of tillage and mulch had significant effect on the soil Ec. In zero tillage significantly highest Ec was recorded in control (1.14), followed by wheat straw mulch (1.09) and minimum soil Ec was recorded in poultry manure (0.96). In minimum tillage highest Ec was recorded in control (1.13) followed Ec recorded for wheat straw (1.06) and poultry manure (1.05). In conventional tillage significantly highest Ec was recorded in control (1.11), followed by wheat straw mulch (1.10) and minimum soil Ec was recorded in poultry manure (1.03). Relatively, greater soil Ec was recorded for conventional tillage and minimum tillage as compared to zero tillage. Maximum decrease of Ec among mulching practices was recorded for poultry manure. Mean maximum and mean minimum Ec was recorded for zero tillage without mulch (1.14) and poultry manure (0.96) respectively. Chudary et al. (2004) reported similar findings that using mulch Ec decreased 53% as compare to control.
Organic matter (%)
The data revealed that tillage had non-significant effect on organic matter. But mulch and interaction of tillage and mulch significantly affected the soil organic matter (Table 1) .
Interaction of tillage and mulch had significant effect on the soil organic matter. In zero tillage significantly highest organic matter was recorded in poultry manure (0.98%), followed by wheat straw mulch (0.82%) and minimum soil organic matter was recorded in control (0.67%). In minimum tillage highest organic matter was recorded in poultry manure (0.96%) followed by organic matter recorded for wheat straw (0.76%) and control (0.63%). In conventional tillage significantly highest organic matter was recorded in poultry manure (0.92%), followed by wheat straw mulch (0.72%) and minimum soil organic matter was recorded in control (0.71%). Relatively, greater soil organic matter was recorded for conventional tillage and minimum tillage as compared to zero tillage. Maximum increase of organic matter among mulching practices was recorded for poultry manure in all tillage treatments. Mean minimum and mean maximum organic matter was recorded for zero tillage without mulch (0.71%) and minimum tillage with poultry manure (0.92%), respectively. Organic matter was higher for poultry manure in all tillage treatments due to greater amount of nutrients present in poultry manure as compared to wheat straw. These results are in agreement with Yang et al. (2006) who stated that in mulched plots, organic matter was higher compared to control.
Soil bullk density (Mgm -3 ) Soil bulk density shows the soil particles strength with each other. The data revealed that tillage, mulch and interaction of tillage and mulch significantly affected the soil bulk density( Table 2) .
Interaction of tillage and mulch had significant effect on the soil bulk density. In zero tillage significantly highest soil bulk density was recorded in control (1.53), followed by poultry manure (1.50) and minimum soil bulk density was recorded in wheat straw (1.49). In minimum tillage mean soil bulk density recorded in control (1.47) and mean soil bulk density recorded for poultry manure (1.47) was similar, while wheat straw mulch treatment had lower bulk density (1.44). In conventional tillage significantly highest soil bulk density was recorded in control (1.38), followed by poultry manure (1.37) and minimum soil bulk density was recorded in wheat straw mulch (1.35). Relatively, greater soil bulk density was recorded for zero tillage and minimum tillage as compared to conventional tillage. Mean maximum and mean minimum soil bulk density was recorded for zero tillage without mulch (1.53) and conventional tillage with wheat straw (1.35), respectively.
Relatively, greater bulk density was recorded for zero tillage and minimum tillage as compared to conventional tillage. Maximum bulk density among mulching practices was recorded for control in all tillage treatments. These results are in agreement with Blanco-Canui et al. (2006) who stated that in mulched plots, bulk density was smaller compared to unmulched.
Nitrogen: (%)
Tillage, mulch and interaction of tillage and mulch significantly affected the soil nitrogen (Table 3) . Interaction of tillage and mulch had significant effect on the soil nitrogen (%). In zero tillage significantly highest nitrogen (%) was recorded in poultry manure (0.056%), followed by wheat straw mulch (0.039%) and minimum soil nitrogen was recorded in control (0.030%). In minimum tillage highest nitrogen was recorded in poultry manure (0.039%) followed by nitrogen recorded for wheat straw (0.035%) and control (0.030%). In conventional tillage significantly highest nitrogen was recorded in poultry manure (0.037%), followed by wheat straw mulch (0.034%) and minimum soil nitrogen was recorded in control (0.031%). Relatively, greater soil organic matter was recorded for conventional tillage and minimum tillage as compared to zero tillage. Maximum increase of nitrogen (%) among mulching practices was recorded for poultry manure in all tillage treatments. Mean minimum and mean maximum nitrogen was recorded for zero tillage without mulch (0.030%) and zero tillage with poultry manure (0.056%), respectively. Nitrogen was higher for poultry manure in all tillage treatments due to greater amount of nutrients present in poultry manure as compared to wheat straw. Agbede and Ojeniyi (2009) findings are in agreement with results of this study, they stated that in zero tillage and mulched plots, nitrogen was higher compared to minimum and conventional tillage and unmulched plots.
Phosphorus: (ppm)
Tillage and mulch had significant effect on available phosphorus (Table 3) . But interaction of tillage and mulch had non-significant affect on available phosphorus. Tillage had significant effect on the soil available phosphorus. Significantly highest available phosphorus was recorded in zero tillage (13.34 ppm). Available phosphorus recorded for minimum tillage (7.74 ppm) and conventional tillage (5.42ppm) was statistically similar. Mulch had significant effect on the soil available phosphorus. Significantly highest available phosphorus was recorded in poultry manure (11.12 ppm). Available phosphorus recorded for wheat straw (8.07 ppm) and control (7.31ppm) was statistically similar. Relatively, greater soil available phosphorus was recorded for zero tillage as compared to conventional tillage and minimum tillage. This might be due to more nutrients present in poultry manure as compared to wheat straw. Maximum increase of available phosphorus among mulching practices was recorded for poultry manure in all tillage treatments. These results are in agreement with Agbede and Ojeniyi (2009) who stated that in zero tillage and mulched plots, available phosphorus was higher compared to minimum and conventional tillage and unmulched plots.
Potassium: (ppm)
Tillage, mulch and interaction of tillage and mulch significantly affected the soil available potassium (Table 3) . Interaction of tillage and mulch had significant effect on the soil available potassium. In zero tillage significantly highest available potassium was recorded in poultry manure (98 ppm), followed by wheat straw mulch (88.33 ppm) and minimum soil available potassium was recorded in control (85.20 ppm). In minimum tillage highest available potassium was recorded in wheat straw mulch (100 ppm) followed by available potassium recorded for poultry manure (95 ppm) and control (80.43 ppm). In conventional tillage significantly highest available potassium was recorded in poultry manure (83.37ppm), followed by wheat straw mulch (81.67 ppm) and minimum soil available potassium was recorded in control (78.33 ppm). Relatively, greater soil available potassium was recorded for zero tillage as compared to conventional tillage and minimum tillage. Maximum increase of as compared to among mulching practices was recorded for poultry manure in all tillage treatments. Available potassium was higher for poultry manure in all tillage treatments due to greater amount of nutrients present in poultry manure as compared to wheat straw. These results are in agreement with Agbede and Ojeniyi (2009) who stated that in zero tillage and mulched plots, available potassium was higher compared to minimum and conventional tillage and unmulched plots.
Grain yield
Tillage had significant affect on the grain yield (Table 4) . A perusal of table depicted that grain yield as affected by tillage ranges from 2.57 t ha -1 to 2.11 t ha -1 . Conventional tillage gave the maximum grain yield 2.57 t ha -1 as against the minimum grain yield (2.11t ha -1 ) for zero tillage. Minimum tillage produced 2.62 t ha -1 grain yield which was significantly higher than zero tillage (2.11t ha -1 ). Highest grain yield in conventional tillage was attributed to more head length, more number of primary branches per head and more number of grains per head. Mulch had significant affect on the grain yield.
Poultry manure produced maximum grain yield (2.51 t ha -1 ) that was statistically similar to wheat straw (2.50 t ha -1 ). Minimum grain yield (2.38 t ha -1 ) was recorded for control. Conventional tillage gave comparatively more grain yield than minimum and zero tillage. Similar were the findings by Patil (2013) , according to him the grain yield of sorghum was lowest in first year of experiment where minimum tillage operation was carried out as against the conventional tillage. In contradictory to this Agbede and Ojeniyi (2009) recorded higher sorghum yields in zero tillage against the conventional tillage. Similarly, Hobbs and Gupta (2002), Gautam et al. (2002) , Iqbal et al. (2002) and Sen et al. (2002) also advocated the yield advantage of zero tillage against the conventional tillage. On the other hand, results depicted that mulch had affected the grain yield significantly are in line with Agbede and Ojeniyi (2009) , that sorghum grain yield was significantly higher in mulched sorghum than that in non mulched (control). Similarly, Sharma and Acharya (2000) reported an increased in wheat and maize yield with organic mulching.
Conclusion
From this study it is concluded that tillage and mulching had significant effect on soil fertility and grain yield of sorghum.
Recommendation
Minimum tillage along with poultry manure mulching should be applied for improving soil fertility and sorghum grain yield. T1=Zero tillage, T2=Minimum tillage, T3=Conventional tillage, M1=No mulch, M2=Poultry manure mulch and M3=Wheat straw mulch T1=Zero tillage, T2=Minimum tillage, T3=Conventional tillage, M1=No mulch, M2=Poultry manure mulch and M3=Wheat straw mulch
